side into 3 layers of equal thickness.
The uppermost layer (U) was found to be dehydrated the most, wherein the moisture content decreased from 71.7 to 59.1%. A dark red color has gradually developed in the U when dehydration time was prolonged. There was a parallel increase in both the TBA value and ratio of metmyoglobin in both the control and dehydrated U. A preventive effect on oxidations of lipid and myoglobin could be observed when beef was dehydrated for more than 2 days.
However, oxidations of myoglobin and lipid were not the main factors in the formation of the dark color of U, but rather the concentration of red myoglobin pigment, in which the iron level was considered over 4mg of Fe/100g meat was considered to be the main cause of this darkening.
There was a gradual change in the color at the surface of control and lower layer forming into a yellowish-brown color of metmyoglobin due to exposure to air. The inner layers were dehydrated less (from 71.7 to 68.0%) which might suggest that owing to indirect exposure to air, maintained a desirable redness.
Meats are important protein sources in human diets, however, their high moisture content, with a "water activity" of about 0.99, make them liable to spoil due to the growth of a wide range of microorganisms.
Removal of water from protein foods by various dehydration methods is an effective means of food preservation. Water can be removed by different methods such as: direct removal (e.g. exposure of meat to sun, removal of water by the hot air current and freeze drying), or increasing the extracellular osmotic pressure (e.g. in curing).
Recently, a dehydration method using a sheet containing highly osmotic agents (edible sugars and other high water affinity materials) was used in drying foodstuffs.
Since the sheet has a high osmotic pressure, a driving force hastened the removal of water when the foodstuff comes in contact with the sheet1). This sheet dehydration differs from the conventional osmotic dehydration in the sense that in the latter, mass transfers occur when the foodstuff is immersed into an osmotic solution and stop when an equilibrium is reached. High concentration of the osmotic ingredients (e.g. salt) transfered into the products are generally regarded not healthful.
On the other hand, agents in the sheet are not diffusible so that they are not harmful and have no influence on (61 the taste of the products1).
This sheet dehydration is superior to the other drying processes due to its energy saving capacity, high speed of dehydration and low cost. The process can be undertaken without heat treatment so it reduces denaturation, minimizes color and flavor damages and may give a good result on subsequent cooking.
Color is considered an important factor in meat quality. The color of meat is substantially due to myoglobin (Mb)2)3). It is known that color appearance depends on the concentration as well as the type of Mb molecule (e.g. its chemical state), and other components in the meat. The present study involved observations on the visual color changes and chemical changes associated with the color during sheet dehydration using beef as a sample.
Materials and Methods

Materials
Chilled round cut (M. quadriceps femoris) of beef was obtained from a local retail meat shop.
Pichitto, a contact-dehydrating sheet and a product of Showa Denko Co., Tokyo was used throughout the study. The outer part of the sheet is composed of polyvinyl alcohol film and the inner part is a mixture of edible sugars , propylene glycol, ethyl alcohol and other high water affinity materials.
Methods Sample preparation and dehydration Muscles were sliced to 1 .5cm thick using a Ritter B-25, West Germany slicer , and were wrapped in cellophane prior to the study . Dehydrations were carried out by covering the wrapped samples with the sheet on the top side of equal thinkness.
The layer which was directly in contact with the sheet during dehydration was coded upper layer. The second layer was coded inner layer and the third layer was coded lower layer.
Testing methods Color measurement:
The surface colors of muscle blocks before and after dehydration were measured by using a Hunter Lab Digital Color Difference Meter (Model ND-1001 DP Nippon Denko Co., Tokyo), standardized with the white standard plate (L=90.7, a=0.2, b= 3.3; Y=82.3, X=80.8, Z=92.0).
Measurement was conducted on the upper surface of the lower layer.
Absorption spectra of aqueous extract: Meat before or after dehydration was minced and extracted with distilled deionized water, characteristic peaks on absorption spectra.
Moisture content: Moisture contents of samples were determined by AOAC method 24 0038).
Ratio of metmyoglobin:
The ratio of metmyoglobin (met-Mb) to total Mb was determined according to the method of SANO et al. 9) Lipid oxidation:
The degree of oxidative rancidity was determined by TBA test using the distillation method of TARLADGIS et al. 10) The TBA values were calculated from a standard curve prepared using 1, 1, 3, 3, -tetrae thoxypropane, expressed as mg of malonaldehyde/kg of meat.
Total iron : Total iron concentration was measured using an atomic absorption spectrophotometer described by SCHRICKER et al. 11) Total myoglobin content:
The amount of muscle Mb was determined in their metcyanmyoglobin (metMbCN) form using the method of MATSUURA et al.2) Maximun absorbance of metMbCN at 540nm was determined by using the Hitachi Model 124 Spectrophotometer. The lower layer was similar to the control in color change and had higher Hunter color L, a, b values, than the other two layers. A yellowish-brown color of muscles has gradually developed and the Hunter "a" value dropped as treatment time increased in both the control and dehydrated lower layer. The inner layer of the dehydrated meat maintained redness better than the other two outer layers, as shown in Fig. 1 , which is comparable to Hunter color "a" values ( Table 1 ).
The upper layers of samples dehydrated for 12h and 5 days together with their controls were sliced into 3 layers of equal thickness (horizontally along the treated side). Spectral curves of aqueous extracts prepared from each of these layers were recorded respectively withwas extracted from the uppermost layer directly in contact with the sheet, "b" was from the layer directly under "a" layer, "c" was from the layer under "b" layer. Only 4 characteristic absorption bands were found in all spectra. Wavelengths of maximal absorptions in this region were 502, 540, 581 and 630nm which can be attributed to oxymyoglobin (MbO2) (540, 581nm), and metMb (502, 630nm). Absorbance intensities of metMb of the 12-h dehydrated samples were slightly higher than those of the 12-h control samples.
The spectral patterns of the 5-day dehydrated sample and its control were found to be similar.
Both had a significant decrease in absorbance intensity of MbO2 while metMb significantly increased. In the case of the 12-h control and dehydrated samples, only a slight change in absorbance intensity of MbO2 and metMb was observed. Since the absorbance intensities of the surface parts ("a" layers in Fig. 2 ) of the upper layers of the both 12-h and 5-day dehydrated samples were generally higher than the "b" and "c" layers, it was considered that beef pigment was concentrated most at the surface layer during reported that oxidative change in Mb was due to lipid oxidation and the determination of metMb formation could be used to detect the extent of lipid oxidation in freeze-dried meat products.
In the present experiment ( Fig. 3  and 4 ), in the samples, which were dehydrated for more than two days, it was found that the metMb was formed at a very slow rate which was in parallel to the slow increase rate of TBA values. Since the two oxidation values, TBA value and metMb ratio correlated well, the detection of metMb formation could be utilized to determine the extent of lipid oxidation in sheet-dehydrated beef. Although it has been widely accepted that oxidations of lipid and Mb are the major factors causing the color deterioration in meats, it was not so in this experiment, because compared with the controls, the upper layers of the dehydrated samples showed considerably significant changes in color (darkness) in spite of the lower oxidation extent of Mb and lipid. Thus, the considerably significant color changes of the upper layers of dehydrated meat could not be well explained by the oxidations of lipid and Mb. Table 2 illustrates that under definite time dehydration, the upper layer of dehydrated Table  2 Concentrations of iron and myoglobin in dehydrated beef meat has the highest concentration of iron and Mb compared to the other two layers. The use of contact-dehydrating sheet did not show uniform results in their dehydration effects, hence the iron and Mb contents of dehydrated beef indicated wide variation. Levels of Mb and iron in control samples almost remained constant over the entire period. According to the results described above, the dark color of uppermost layer of beef developed during dehydration was thought to be due to the concentration of Mb (meat pigment) rather than the oxidation of Mb or lipid in meat.
In Fig. 5 , we can find a corresponding increase in iron and Mb contents with decreasing moisture content in all the layers of dehydrated meat. The results demonstrate that bovine muscle red pigment was concentrated during dehydration.
Since all the iron and Mb contents at the lower layer (calibrated with the weight decrease) were a little higher than those of the control, it indicates that iron content of the lower layer was not reduded during dehydration.
Only water was removed but the water soluble Mb in cytoplasma still remained in meat during sheet dehydration.
HASHIMOTO et al.3) reported that the redness of meat was influenced by its iron concentration. They further reported, that a corresponding increase in redness and iron content (Table 2 and Fig. 1 ). In the vertical cut view of the sample in Fig. 1 , we can find that the surface of the upper layer which was in direct contact with the sheet during dehydration appears to have the darkest color in the whole meat slab. This might be due to the varying degree in water removal, wherein the outer part of the meat was dehydrated most, and besides, no Mb has been considered to be removed. With the absorption spectra, we can confirm that Mb content of the outermost parts ("a" layer in Fig. 2 ) of dehydrated meat is higher than the other parts. Thus, the iron contents of the outermost parts of the upper layers were supposed to be higher than the amount detected (shown in Table 2 ) using the mean of the whole upper layer sam-ple, and might reach an iron content range at which the corresponding increase in redness and iron content occurs.
The iron contents of the inner and lower 3.01mg/100g meat and showed no significant effect on redness of dehydrated meat. In spite of the slightly high iron contents, the color changes of dehydrated lower layers were similar to the controls. MetMb formation was considered the major factor associated to the color changes that developed the characteristic yellowish-brown color of metMb during treatment.
meat. In this range, distinguishable color changes could not be found, which confirms the findings of HASHIMOTO et al.3) Yellowishbrown color of metMb was not remarkably developed at the inner layers independent of dehydration time. It may be due to the effect of indirect exposure to air, the oxidation of Mb delayed, hence the desirable redness was maintained.
The water molecule in beef was removed but Mb still remained and became concentrated, thus the darker red color appeared. Basing on the results, this contact-dehydrating sheet could be used for dehydrating veal or PSE (watery pork) of pale red color as well as high water content (exudative) and expected to develop a desirable red color.
